There are many studies that look into the relationship between public debt and economic growth. It is hard to find, however, research addressing the role of corruption between these two variables. Noticing this vacancy in current literature, we strive to investigate the effect of corruption on the relationship between public debt and economic growth. For this purpose, the pooled ordinary least squares (OLS), fixed effects models and the dynamic panel generalized method of moments (GMM) models (Arellano-Bond, 1991) are estimated with data of 77 countries from 1990 to 2014. The empirical results show that the interaction term between public debt and corruption is statistically significant. This confirms the hypothesis that the effect of public debt on economic growth is a function of corruption. The sign of the marginal effect is negative in corrupt countries, but public debt enhances economic growth within countries that are not corrupt, i.e., highly transparent.
Introduction
We have witnessed big increases in public debt levels across countries after the recent economic crisis. As can be seen in the following Figure 1 , the public debt ratio to GDP has increased quite sharply following the global economic crisis of 2008, and this phenomenon is prevalent across advanced countries (A referee suggests that it should be acknowledged that the surge in public debt, particularly after the 2007/08 crisis, was to some great extent a consequence of the nationalization of private debt). The debt ratio has surpassed 1.0 in several countries including Japan, Greece and Italy. The persistent growth in public debt has raised serious concerns regarding fiscal sustainability and its effect on the economy. For instance, Reinhart and Rogoff [1] suggested a threshold for public debt under which each country is recommended to remain below in order to prevent any risk of default.
Concerns over the sharp rise in public debt levels seem to reflect the possibility of harmful effects of public debt on economic growth (There is another line of research focusing on the harmful effect of private debt on the economy (Keen [2] , Hien and van Treeck [3] )). Sustainable growth is and has been one of the main goals of every government and thus researchers are interested in looking into public debt levels and their effects on various economies. It is likely that researchers consider public debt to work as a necessary condition for sustainable growth.
Many studies to date focus on the relationship between public debt and economic growth. Most argue a negative effect of public debt on growth. There is, however, research showing different results. Notwithstanding the abundant literature, it is hard to find research that addresses the role corruption plays between these two variables. Noticing this vacancy in the literature, we try to Many studies to date focus on the relationship between public debt and economic growth. Most argue a negative effect of public debt on growth. There is, however, research showing different results. Notwithstanding the abundant literature, it is hard to find research that addresses the role corruption plays between these two variables. Noticing this vacancy in the literature, we try to investigate the effect of corruption on the relationship between public debt and economic growth. The main hypothesis we aim to test is whether or not the marginal effect of public debt on growth is a function of corruption.
For this purpose, we utilize various regression models. The pooled ordinary least squares (OLS), fixed effects models and the dynamic panel generalized method of moments (GMM) models (Arellano-Bond [4] ) are estimated with the data of 77 countries from 1990 to 2014. The empirical results show that the interaction term between public debt and corruption is statistically significant. This confirms the hypothesis that the effect of public debt on economic growth is a function of corruption. Even if the threshold differentiating the sign of the marginal effect is dependent upon models selected, we can conclude that in the case of a highly transparent-not corrupt-country, public debt enhances economic growth and vice versa. To check the robustness of the estimation results, we also estimate five-year and ten-year average models. We also vary the sample size. That is, we estimate the same models for different groups of countries: 38 countries, 46 countries as well as 77 countries. We conclude that the estimation results are robust to the changes in models (fiveyear average model) and the same size.
As far as we know, this is the first study that reveals the moderating effect of corruption on the relationship between public debt and economic growth. More specifically, this paper has its originality in the effort to test empirically whether the marginal effect of public debt on growth is a function of corruption. Jalles [5] also tried to examine the marginal effect, but he came up with an ambiguous and contrary conclusion to the theoretical prediction. We expect the empirical results to contribute to a better understanding of the association of public debt with economic growth. Furthermore, this study aims to generate deeper and richer analyses in the field of public debt from which useful policy implications may be derived.
The remainder of the paper is organized as follows. The next section introduces a literature review on public debt and economic growth. In Section 3, we explain the importance of institutions For this purpose, we utilize various regression models. The pooled ordinary least squares (OLS), fixed effects models and the dynamic panel generalized method of moments (GMM) models (Arellano-Bond [4] ) are estimated with the data of 77 countries from 1990 to 2014. The empirical results show that the interaction term between public debt and corruption is statistically significant. This confirms the hypothesis that the effect of public debt on economic growth is a function of corruption. Even if the threshold differentiating the sign of the marginal effect is dependent upon models selected, we can conclude that in the case of a highly transparent-not corrupt-country, public debt enhances economic growth and vice versa. To check the robustness of the estimation results, we also estimate five-year and ten-year average models. We also vary the sample size. That is, we estimate the same models for different groups of countries: 38 countries, 46 countries as well as 77 countries. We conclude that the estimation results are robust to the changes in models (five-year average model) and the same size.
The remainder of the paper is organized as follows. The next section introduces a literature review on public debt and economic growth. In Section 3, we explain the importance of institutions in determining the association between public debt and economic growth. Section 4 contains empirical Sustainability 2017, 9, 433 3 of 30 models and analyses, and presents major findings. We conclude and suggest policy implications in the final section.
Background

Public Debt and Economic Growth
The topic of public debt has long been an important issue in research. The main focus lies in the relationship between public debt and economic growth. The conventional view (named by 'saltwater' economists) asserts that in the short term, aggregate output can be boosted, but in the long run, investment is reduced and therefore economic growth is harmed (for a thorough literature review of this line of reasoning, refer to Elmendorf and Mankiw [6] ). The seminal work by Barro [7] , however, shows an opposing view. Based on the permanent income hypothesis and rational behavior of economic agents, he suggests that people prepare for any future burden caused by public debt, and as a result, save the corresponding amount of money and therefore, investment and economic growth will not be affected. This line of research is referred to as 'Ricardian equivalence' (named after David Ricardo).
These contrasting views on the association between public debt and economic growth have generated a fair amount of further research, mainly testing the hypothesis of 'Ricardian equivalence.' Earlier studies aim to theoretically contradict or to find empirical evidence against the hypothesis: [8] [9] [10] [11] . Some studies, however, support Barro's idea of 'Ricardian equivalence': [12] [13] [14] . In contrast, Haug [15] produces mixed results, dependent upon the data set. Notwithstanding the abundance of studies, the debate has not yet been resolved. Recent studies also present mixed results: some support the view [16, 17] , whereas others provide evidence against it [18] [19] [20] . Evans [21] derives conditions under which Ricardian equivalence holds even in the case of non-rational expectation behavior. In addition, many recent studies test whether the hypothesis holds in any specific country [22] [23] [24] [25] . Choi and Holmes [26] present a different view by stating that a long-horizon data set shows a mixture of two regimes, Ricardian equivalence and non-Ricardian equivalence regimes.
Apart from the studies that test the idea of Ricardian equivalence, a line of research focuses on investigating the association between public debt and economic growth directly. Several channels are suggested through which public debt can adversely affect economic growth. Some studies emphasize that high public debt leads to higher long-term interest rates and sovereign risk spillovers to borrowing costs of corporations [27] [28] [29] . Other studies look at the channel of higher distortionary taxation caused by high public debt [30, 31] . Aizenman et al. [32] , however, adopts the channel of lower public infrastructure expenditure. On the contrary, Sargent and Wallace [33] , Barro [34] , and Cocharane [35] emphasize the effect of public debt on higher inflation. High public debt levels may constrain discretionary countercyclical fiscal policies and therefore generate higher volatility of the economy, lowering economic growth [36, 37] . Burnside et al. [38] and Hemming et al. [39] notice the triggering effect of a debt crisis on a banking and currency crisis, which is a more extreme case of economic volatility.
More recently, the interest in public debt has moved toward a more empirical investigation of the effects of public debt on economic growth. Most of the earlier empirical studies utilize data from low-income countries. Schclarek [40] [47] has looked at one country, Italy for a long period time, from 1861 to 2010. Casni et al. [48] deals with Central, Eastern and Southeastern European countries. The most recent study to our knowledge is by Woo and Kumar [49] , which looks at advanced and emerging countries. Most of these empirical studies conclude that higher debt has harmful effects on economic growth. Even if the magnitude of the harmful effect of debt on growth varies, it is estimated that a 10% increase in debt-to-GDP ratio reduces 0.1-0.2 percentage points in annual growth on average.
Even if many of the previous studies determine a negative association of public debt with economic growth, there is a contrasting view. This line of research emphasizes the importance of the composition and purpose of debt or non-linearity of the relationship between them. Some argue that public borrowing can enhance the economy when it is intended for public investment. Modigliani et al. [50] , Creel and Fitoussi [51] , Le Cacheux [52] and Blanchard and Giavazzi [53] support the idea of 'the Golden Rule of Public Finance (GRPF).' The main idea behind the Golden Rule is that public borrowing is harmful only when it is used for current expenditure but not when it accumulates public capital, i.e., the purpose and composition of public borrowing matters. There is, however, little consensus about the validity of the GRPF. Balassone and Franco [54] , Buiter [55] , Buti et al. [56] , and Minea and Villieu [57] question the positive effect of GRPF. Balassone and Franco [54] emphasize that the GRPF will result in a bias towards over-accumulation of physical assets at the expense of health and education expenditures.
Another line of research focusing on a different aspect of public debt is related with the non-linearity of the effect of public debt on economic growth. Reinhart and Rogoff [1] suggest that high levels of debt are negatively correlated with economic growth, though there is no link between debt and growth when public debt is below 90% of GDP. Using data from 100 developing countries, Pattillo et al. [58] show a non-linear relationship between the net present value of external debt and economic growth. They suggest that the marginal effect of debt is negative when the net present value of debt surpasses 20% of GDP. Cordella et al. [59] , however, find a negative relationship between external public debt and growth only in developing countries with intermediate levels of debt. The relationship disappears in developing countries with very low or very high levels of debt. They also find that, in countries with bad policies, debt may not matter at all.
To summarize, the literature with regard to the relationship between public debt and economic growth is very rich and diverse. However, there is little consensus about the effect of public debt on economic performance, whereas the majority of the previous studies supports a negative effect. This implies that there is room for further studies to investigate the effect with better data and/or from a different perspective.
Public Debt, Institutions and Economic Growth (This Section Has Benefited Largely from the Comments of Two Anonymous Referees)
Besides the abundant research on the relationship between public debt and economic growth, an important factor has been ignored to an extreme extent, that is, the role of institutions (To the best of our knowledge, the exceptions are Jalles [5] , Gonzales-Fernadez and Gonzalez-Velasco [60] , and Cooray [61] ). It is well known that we live in a society characterized by various types of institutions. According to North [62] , institutions are "the rules of the game in a society or, . . . the humanly devised constraints that shape human interaction". Good institutions might induce higher investment and therefore lead to sustainable economic growth. It is also noticeable that the type of interest group activities regarding unlawful and/or distortionary (not productive) appropriation of resources can be checked by good institutional arrangements. Good institutions might also reduce uncertainty for economic decision-makers and offer incentives towards innovative and productive activities. Recent empirical evidence supports this assertion. Égert [63] shows that regulation and institutions affect productivity in OECD countries. Dort et al. [64] presents evidence that investment spurs economic growth only in those countries where institutions are not weak. Berggren et al. [65] finds that institutional quality and instability are positively associated with economic growth in 35 European countries. The open innovation theory focuses on structures and institutions that beat growth limits of capitalism. Yun [66] presents the Open Innovation Economic System (OIES) in which new technologies, ideas, and money flow through major agents of the system such as customers, small-and medium-sized Whereas the significance of the role institutions play within each country is a consensus view, measuring the quality of an institution is a different story. Since there are various kinds of measures that assess the quality of an institution, it is inevitable that a measurement problem arises. In this paper, we focus on the role of corruption as a measurement of a good institution. Rather than adopting a direct measure, we choose corruption level as a good proxy of institutional quality. We believe that corruption as a measure of institution weakens the measurement problem since it is an outcome resulting from institutional arrangements.
The importance of corruption has been widely recognized in many previous studies and the number of studies on corruption is vast. Many of them explore the effect of corruption on economic performance and the majority of these studies finds a negative association [68] [69] [70] . Some studies show that corruption reduces investment [68, 71, 72] and foreign direct investment [73, 74] . Lambsdorff [75] presents a result showing that corruption lowers productivity. Corruption is also shown to be harmful to the economy through higher inflation [76, 77] and a bigger shadow economy [78] [79] [80] .
Another variable in the association with corruption that has attracted attention in the public finance field is government expenditure. Mauro [81] analyzes the components of public expenditure and shows that corruption lowers the levels of expenditure on education and health. He asserts that some items of public expenditure are more attractive than others in acquiring illegal rents and bribes, leading to corruption in the public sector. Justesen et al. [82] shows that corruption lowers government expenditure on the poor and adversely affects them. Dzhmashev [83] shows that the interaction between corruption and governance shapes the efficiency of public spending, which in turn, determines the growth effects of corruption. In any case, a corrupt bureaucracy distorts the purpose and functionality of the public sector, and alters the burden it creates and the structure of spending. D'Agostino et al. [84, 85] show that the interactions between corruption and investment and corruption and military spending have strong negative impacts on economic growth.
There is, however, a different view emphasizing a positive effect of corruption on economic growth. According to Leff [86] , corruption tends to reduce bureaucratic red tape, boosting economic growth. Others [74, [87] [88] [89] [90] [91] also support this view. Lau et al. [92] suggest the view that corruption may lead to a lower uncertainty about government policy. In the meantime, there are other studies showing that the growth effect of corruption is dependent upon the institutional setting [93] [94] [95] [96] [97] [98] [99] . Mendez and Sepulveda [100] find that the growth-maximizing level of corruption is significantly greater than zero, with corruption beneficial for economic growth at low levels of incidence and detrimental at high levels of incidence.
Studies more directly related to public debt, however, are those that look into the effect of corruption on debt. Gonzales-Fernadez and Gonzalez-Velasco [60] show that corruption has a direct and significant positive effect on public debt in Autonomous Communities of Spain. Cooray et al. [61] also present that increased corruption leads to an increase in public debt. Pattillo et al. [101] interacts debt ratios with a measure of country policies and find that for highly indebted countries the negative impact of debt on growth is stronger for countries with bad policies. Jalles [5] tries to examine the role of corruption as a moderating variable in the association of public debt with economic performance as Pattillo et al. [58] do with the quality of policies.
As seen in the discussion above, corruption might affect economic performance and public finance variables such as government expenditure and public debt. Among them, we focus on the role of corruption as a moderating factor in the association of public debt with economic growth. There might be several channels through which corruption may affect the relationship between debt and growth. First of all, a low level of corruption prevents distortionary misallocation of resources caused by public Sustainability 2017, 9, 433 6 of 30 debt. If the revenue raised by public debt is used for unproductive spending in a corrupt country, more debt implies a bad effect on the economy. Shleifer and Vishny [99] argue that high levels of corruption tend to shift loan resources away from high-value projects such as health and education into potentially unproductive projects such as defense and infrastructure. The result by Park [102] is also in line with this view. He shows that corruption distorts the allocation of bank funds from normal projects to bad projects, which decreases the quality of private investments, leading to a lower economic growth. Second, corrupt governments tend to borrow more than governments characterized by lower levels of corruption because they have a higher discount of the future than the latter (Jalles [5] ). Over-borrowing caused by corruption might harm the whole economy. Third, according to Ciocchini et al. [103] , the quality of governance may increase the probability of default in a country. This implies that more corruption is detrimental to economic growth because of the increased uncertainty.
In any case, corruption plays a negative role in the association of public debt with economic growth. One may expect that a corrupt country would face a negative effect of public debt on economic growth whereas it might be possible to witness a positive relationship between them in countries that are not corrupt. The basic idea of this paper is that the effect of public debt on economic growth is not homogeneous across countries. Public debt itself may not be a big problem, but becomes more of an issue when associated with corruption (bad institutions). Our hypothesis is that public debt has a different impact on economic growth depending upon the level of corruption. Where corruption is common, public debt might have worse effects than where corruption is a rare phenomenon.
To the best of our knowledge, our paper is the first that treats the effect of public debt on economic growth as a function of corruption and produces results showing the negative effect of corruption on the relationship between public debt and economic growth. Our data cover advanced, developing and underdeveloped countries so that the results might be generalized easily. We also provide the estimation results of various specifications and of sample sections to check the robustness.
Empirical Analysis
As discussed in the previous section, the main goal of this paper is to investigate whether or not the marginal effect of public debt on economic growth is dependent upon corruption (a proxy for institutional quality). To test this assertion, we provide empirical models, data, and estimation results in this section.
Model Specification and Estimation Methodology
To estimate the effect of corruption on the relationship between public debt and economic growth, we utilize a standard panel growth regression model, adopted in Woo and Kumar [49] , except for the interaction term between public debt and corruption. The basic model is expressed as follows:
where i and t represent the countries included in the analysis and the time periods, respectively (i = 1, ...., 77 and t = 1990, . . . ., 2014). ∆y it is defined to be [log(y it ) − log(y it−4 )]/4, the average growth rate of the real per capita GDP of country i over the period of four years. The initial GDP per capita is controlled for with log(y it−4 ). Log(Debt it−4 ) and Corruption it−4 are the public debt and the corruption level of country i at the beginning of the period, respectively. X it−4 is a vector of other control variables and Z is a vector of coefficients for those control variables. The remaining variables, ρ i and τ t are country-specific fixed effect and period-specific fixed effect, respectively. The last term, ε it , is the idiosyncratic error term.
As implied in Equation (1), the marginal effect of public debt on economic growth is calculated as follows:
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The above equation clearly shows that the marginal effect of public debt on economic grow is a function of corruption. Put in other words, the marginal effect is not homogeneous across countries but is dependent upon how corrupt a specific country is. The negative marginal effect of public debt on economic growth seems to worsen in very corrupt countries whereas the magnitude of the negative effect becomes smaller in less corrupt countries. It is also possible that the effect is positive where corruption level is extremely low as expressed in Figure 2 .
Sustainability 2017, 9, 433 7 of 30 on economic growth seems to worsen in very corrupt countries whereas the magnitude of the negative effect becomes smaller in less corrupt countries. It is also possible that the effect is positive where corruption level is extremely low as expressed in Figure 2 . Besides its interaction with public debt, it is a well-known fact that corruption can affect economic growth directly. This implies that we need to control for the direct effect of corruption on growth. However, what direction the effect goes has been and is still controversial. Myrdal [104] asserts that if public officials are corrupt, they might use arbitrary power to set up barriers and delays to collect bribes that would not exist otherwise. Krueger [105] also emphasizes the harmful effects of socially inefficient rent-seeking through corrupt trade restriction enforcement. Shleifer and Vishny [106] show that if too much permission is needed to carry out a project, the cost of corruption might rise and slow down economic growth. There are, on the other hand, studies which argue the positive effects of corruption on economic growth. According to Lui [107] , the amount of time waiting in queues can be shortened and therefore economic growth is expedited. Klitgaard [108] and Colombatto [109] also emphasize that corruption may result in positive effects on economic growth in some circumstances.
Empirical research is abundant in testing the effects of corruption on economic growth. Many studies report that corruption retards economic growth [68] [69] [70] 74, [110] [111] [112] [113] . There are, however, other studies, which state the positive effects of corruption on growth [70, 114] . Furthermore, Svensson [115] shows that corruption has no significant effect on economic growth. And some studies aim to separate the effects of corruption on growth according to appropriate variables. Assiotis and Sylwester [116] assume that the effect might differ across democratic and nondemocratic regimes. They conclude that corruption harms economic growth to a larger extent in authoritarian regimes than in democratic countries. The authors support this claim by stating that corruption generates more uncertainty, is more pernicious, or decreases substitutability with other forms of rent-seeking in autocracies. Ugur [117] uses a meta-analysis to estimate the effects of corruption on economic growth, noticing mixed results. It shows that the effect is more adverse if the growth variable is long running, and only low-income countries are used. It is also noticeable that the effect is less adverse when the International Country Risk Guide corruption perceptions index is used.
Other variables affecting economic growth need to be controlled for. For this purpose, we follow the standard specification, more specifically Woo and Kumar [49] . First, the initial real GDP per capita in each sub-period is controlled for since the convergence hypothesis is emphasized in neoclassical growth models. The second control variable is human capital. Human capital is known to affect Besides its interaction with public debt, it is a well-known fact that corruption can affect economic growth directly. This implies that we need to control for the direct effect of corruption on growth. However, what direction the effect goes has been and is still controversial. Myrdal [104] asserts that if public officials are corrupt, they might use arbitrary power to set up barriers and delays to collect bribes that would not exist otherwise. Krueger [105] also emphasizes the harmful effects of socially inefficient rent-seeking through corrupt trade restriction enforcement. Shleifer and Vishny [106] show that if too much permission is needed to carry out a project, the cost of corruption might rise and slow down economic growth. There are, on the other hand, studies which argue the positive effects of corruption on economic growth. According to Lui [107] , the amount of time waiting in queues can be shortened and therefore economic growth is expedited. Klitgaard [108] and Colombatto [109] also emphasize that corruption may result in positive effects on economic growth in some circumstances.
Empirical research is abundant in testing the effects of corruption on economic growth. Many studies report that corruption retards economic growth [68] [69] [70] 74, [110] [111] [112] [113] . There are, however, other studies, which state the positive effects of corruption on growth [70, 114] . Furthermore, Svensson [115] shows that corruption has no significant effect on economic growth. And some studies aim to separate the effects of corruption on growth according to appropriate variables. Assiotis and Sylwester [116] assume that the effect might differ across democratic and nondemocratic regimes. They conclude that corruption harms economic growth to a larger extent in authoritarian regimes than in democratic countries. The authors support this claim by stating that corruption generates more uncertainty, is more pernicious, or decreases substitutability with other forms of rent-seeking in autocracies. Ugur [117] uses a meta-analysis to estimate the effects of corruption on economic growth, noticing mixed results. It shows that the effect is more adverse if the growth variable is long running, and only low-income countries are used. It is also noticeable that the effect is less adverse when the International Country Risk Guide corruption perceptions index is used. Other variables affecting economic growth need to be controlled for. For this purpose, we follow the standard specification, more specifically Woo and Kumar [49] . First, the initial real GDP per capita in each sub-period is controlled for since the convergence hypothesis is emphasized in neoclassical growth models. The second control variable is human capital. Human capital is known to affect economic growth in a positive way in that a high level of human capital stock is likely to attract investors across countries and spur innovative activities as stressed in Grossman et al. [118] . As a proxy for human capital, the log of average years of secondary schooling in a population over age 15 in the initial year of each period is used. According to Sala-i-Martin et al. [119] , government size also needs to be controlled for. For this purpose, initial government size of each period is included which is measured by government consumption ratio to GDP. Modigliani et al. [50] also use trade openness as a control variable. Following them, we include the sum of exports and imports as a percentage of GDP. Initial inflation needs to be controlled for. Logarithm of (1 + inflation rate) in the first year of each period is used. Finally, [120, 121] show that fiscal deficits have negative effects on long-run growth. The initial level of fiscal deficits is also included as a control variable.
As explicitly pointed out in Woo and Kumar [49] , there are a number of sources of biases in panel estimations. Each of the estimation techniques has its own merits and weaknesses. For the robustness of estimation results, we use three major estimation tools: pooled OLS, fixed effects models and a GMM dynamic panel regression by Reinhart and Rogoff [1] . The OLS estimation results are likely to be biased and are included just for comparison. We also try to select different sample sizes. Furthermore, averages over five years and ten years are also estimated.
Data and Basic Findings
Transparency International provides a good measure of corruption, the Corruption Perceptions Index (CPI). This index is used in many studies. The CPI is an average of scores from 16 different surveys that measure the perceived levels of corruption, and in this sense, it is an index of indexes. The scale of CPI runs from 0, most corrupt, to 10, least corrupt. There are other studies that use different measures to estimate the level of corruption; however, the CPI is the most widely used. It should be acknowledged that it has limitations: perception index and possible inconsistency over time. For this reason, we will use another indicator later-the control of corruption of WGI-for robustness. Table 1 shows that other control variables come mainly from Penn World Table 2 below contains descriptive statistics for the full set of 77 countries used in the analysis. The corruption level variable, the CPI score, runs from 1.1 to 10. The bigger the score, the less corrupt the country. The mean is 5.202 and the standard deviation is 2.3. It seems that the variation is enough. The ratio of public debt to GDP has a mean of 0.606. It is noticeable that the gap between the minimum, 0.001, and the maximum, 2.491, is very big. Since the standard deviation is 0.377, the distribution of the ration of public debt to GDP is also very variable. Table A1 in the Appendix A shows correlations between the variables. Taking a first glance at the effect of corruption on the relationship between public debt and economic growth, we plot a figure as shown in Figure 3 . All countries are divided into two groups: one with the CPI above 5.0 and the other below 5.0. A simple relationship between the two variables is expressed with straight lines. As can be easily seen in the figure, there seems to be a difference in the slopes of the simple line plots of public debt and economic growth, as argued in the previous section. Taking a first glance at the effect of corruption on the relationship between public debt and economic growth, we plot a figure as shown in Figure 3 . All countries are divided into two groups: one with the CPI above 5.0 and the other below 5.0. A simple relationship between the two variables is expressed with straight lines. As can be easily seen in the figure, there seems to be a difference in the slopes of the simple line plots of public debt and economic growth, as argued in the previous section. Table A2 in the Appendix A). The first two columns contain the OLS estimation results, models (1) and (2). Models (3) and (4) show the results estimated with fixed effects models. The last two columns summarize the estimation results with the GMM dynamic panel regression (ArellanoBond, 1991 ). Two models were selected for each estimation method: one excludes the CPI as an independent variable and the other includes the index. This is to see whether corruption affects economic growth directly or indirectly through public debt only.
Since the OLS estimation results are likely to be biased and are included just for comparison, we focus on the fixed effects models and GMM estimations. Public debt is estimated to have a negative effect on economic growth regardless of the model used. All the coefficients are statistically significant at the 0.10 level except for OLS and model (4) . Unlike the previous studies, corruption Table A2 in the Appendix A). The first two columns contain the OLS estimation results, models (1) and (2). Models (3) and (4) show the results estimated with fixed effects models. The last two columns summarize the estimation results with the GMM dynamic panel regression (Arellano-Bond, 1991) . Two models were selected for each estimation method: one excludes the CPI as an independent variable and the other includes the index. This is to see whether corruption affects economic growth directly or indirectly through public debt only. Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.
Since the OLS estimation results are likely to be biased and are included just for comparison, we focus on the fixed effects models and GMM estimations. Public debt is estimated to have a negative effect on economic growth regardless of the model used. All the coefficients are statistically significant at the 0.10 level except for OLS and model (4) . Unlike the previous studies, corruption does not seem to influence economic growth because the CPI itself is not statistically significant in any of the models. Other control variables are estimated to be predictable as in previous research.
The main focus of this paper as discussed in the previous section is the coefficient on the interaction variable between debt and corruption, Debt*CPI. In model (3), the estimate of the coefficient is 0.00678 whereas that of the debt variable is −0.03. This implies that the effect of public debt on economic growth is a function of corruption. Even though public debt itself has a negative effect, the overall effect is determined by Equation (2). If we accept the estimates in model (3), the marginal effect of public debt on economic growth is −0.03 when the CPI is 0. The marginal effect increases, however, as the CPI score moves up since the interaction term has a coefficient of 0.00678. For instance, the effect increases to 0.378 when the CPI is 10. The threshold from negative to positive is 4.4248. If we take the estimation results of model (5), the threshold becomes 5.3663. Table 4 summarizes the estimation results with only 38 countries (more advanced countries), following Woo and Kumar (2015) . As seen in the table, the basic results are similar to those with 77 countries even if the magnitude and statistical significance levels are slightly different. The threshold is 7.1611 in model (3) and 8.2132 in model (5) . This implies that the CPI should be bigger to make public debt have a positive effect on economic growth compared to the case of all 77 countries.
Based on the estimation results above, we can plot a figure showing the marginal effect of public debt on economic growth, which is dependent upon corruption. If we take the estimates in model (3) in the table above, the marginal effects are different across countries since each has a different level of corruption. Figure 4 shows three different cases of CPI scores: 1.0, 5.0 and 9.0. When the CPI score is 1, the marginal effect becomes −0.03863 based on the calculation: slope = −0.0449 + 0.00627 *CPI. In the meantime, the slopes are −0.01355 and 0.01153 when the CPI scores are 5 and 9, respectively. Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.
As shown above, the magnitude of the marginal effect is quite meaningful since it changes across countries. Depending on the level of corruption, the marginal effect can be positive or negative. If the estimated coefficients were not meaningful in magnitude, we would end up with similar marginal effects across countries.
The results above are sharply contrasted to those in Jalles [5] . In the estimation results of Jalles [5] , the estimate of the interaction term between public debt and corruption turned out to be negative. This implies that corruption has a positive moderating effect on the relationship between public debt and economic growth, which contradicts the theoretical prediction. As discussed in Section 2 above, the moderating effect of corruption should be negative in any case. The results shown in Tables 3 and 4 though conform to the theoretical implication. The interaction term between debt and the CPI was estimated to have a positive sign regardless of the models.
Our results are different from the previous studies in the direct effect of corruption on economic growth. As explained in Section 2, the majority of the literature supports a negative effect of corruption on the economy. Tables 3 and 4 show, however, that the direct effect is not statistically significant. The estimates for CPI are not statistically significant even at the 0.10 level.
We also tried to test the non-linearity of the effect of debt on economic growth. We, however, came up with no evidence of non-linearity. In almost all of the models, the square term of debt has been estimated to be insignificant. This implies that there does not seem to be a threshold in the effect of debt on economic growth as asserted in several previous studies.
As shown above, the magnitude of the marginal effect is quite meaningful since it changes across countries. Depending on the level of corruption, the marginal effect can be positive or negative. If the estimated coefficients were not meaningful in magnitude, we would end up with similar marginal effects across countries. 
Robustness Check
In this section, we investigate the robustness of the estimation results. For this purpose, a five-year average model is estimated. Put in other words, every variable is averaged over a five-year period and Equation (1) is re-estimated in the same way as in the previous subsection. In addition, a ten-year average model is estimated. We also vary the sample size. That is, the same models are estimated for different groups of countries: 38 countries, 46 countries as well as 77 countries. The list of countries for each group is provided in the Appendix A. The first group consists of advanced countries and the second includes advanced and developing countries. Table A3 in the Appendix A presents the estimation results for the five-year average model with 38 countries. As can be easily seen, the results are similar to the case of the five-year period model shown in the previous table. However, the magnitude and statistical significance levels vary. Most prominent differences occur in the estimates of the CPI. More specifically, the CPI itself is statistically significant unlike in the five-year period models.
From the estimates in the columns of models (3) and (5), we can find that the key variables, debt and Debt*CPI, are estimated to be more significant than in the case of five-year period models. This implies that the five-year average model strengthens the hypothesis that the marginal effect of public debt on economic growth is a function of corruption. As done above, we can calculate the threshold separating the negative and positive effects of public debt on economic growth. The thresholds are 8.2059 and 8.9730, respectively. It is noticeable that these are very similar to the thresholds computed above, 7.1611 and 8.2132 .  Tables A4 and A5 show the estimation results of the five-year average model with 46 and 77 countries. There are no noticeable changes in the signs and statistical significances across the estimated coefficients. We can say the estimation results are robust to the changes in models (five-year average model) and same size.
Tables A6-A8 in the Appendix A summarize the estimation results with the ten-year average model. The model intends to capture a more long-run relationship among variables. The GMM method by Arellano-Bond [4] has been dropped since the time span to implement dynamic panel estimation is insufficient in the ten-year average model. Similar to the case of the five-year average model, the pooled OLS regression results in significant coefficients for the debt variable and the interaction term between debt and corruption except for the 77 country models.
If we accept the estimates from column (3), the threshold becomes 7.9191, which is approximate to the five-year case. This implies that the estimation results seem to be robust in the long run. As shown above, the estimation results are very robust to models and sample selections. Except for the pooled OLS, the results are also robust to estimation methods. We can therefore conclude that empirical data supports our hypothesis. The marginal effect of public debt on economic growth seems to be dependent on the level of corruption of each country.
We also re-estimated the models with the control of corruption of WGI for the robustness of the results. Tables A9-A16 in the Appendix A show the estimation results. As seen in the tables, there are no big differences in the results, especially in the estimates of the interaction term between debt and corruption. The major difference lies in the magnitudes of the estimate for the interaction term, which is driven by the difference in the scale of the two indicators.
Conclusions
The vast array of literature represents the interest in the relationship between public debt and economic growth. It is hard to find, however, research addressing the role of corruption in these two variables. Noticing this vacancy in the literature, we aimed to investigate the effect of corruption on the relationship between public debt and economic growth. We included the interaction term between public debt and corruption to test our hypothesis that the marginal effect of public debt on growth is a function of corruption.
The pooled ordinary least squares (OLS), fixed effects models and the dynamic panel Gaussian mixture models (GMM) of Arellano-Bond [4] are estimated using data of 77 countries from 1990 to 2014. The empirical results show that the interaction term between public debt and corruption is statistically significant. This confirms the hypothesis that the effect of public debt on economic growth is a function of corruption. Even if the threshold differentiating the sign of the marginal effect is dependent upon which model is selected, it can be concluded that within a highly transparent-not corrupt-country, public debt enhances economic growth and vice versa.
To test the robustness of the estimation results, five-year average models and ten-year average models are estimated. We also gave variations in the sample size. That is, the same models are estimated for different groups of countries: 38 countries, 46 countries as well as 77 countries. We conclude that the estimation results are robust to the changes in models and in same size.
The main policy implication from the findings is that institutional quality, i.e., corruption, can play a very important role in determining the effect of public debt policies. To alleviate the negative effect of public debt on economic growth and to maintain economic sustainability, governments and international organizations should strive to enhance the quality of their institutions in order to maximize revenue utilization in the long run.
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